Abstract Because both articulatory rehearsal and attentional refreshing aid in the maintenance of verbal information in the short term, the present study evaluated the adaptive use of these mechanisms, using a complex span paradigm. In Experiment 1, the phonological similarity of memory list words and the attentional demand of concurrent processing were manipulated. As was predicted, a phonological similarity effect (PSE) appeared only when the concurrent task was attention demanding, thus impairing the use of refreshing and encouraging rehearsal. To verify that PSE indicates the use of rehearsal, participants were instructed to use one of the two mechanisms in Experiments 2 and 3. In accordance wih Experiment 1, the PSE was observed only under rehearsal. Thus, adults could adaptively choose between the two mechanisms. When remembering phonologically confusable materials, they prefer refreshing in order to reduce the impact of phonological characteristics. When available attention is reduced, they favor a less attention-demanding mechanism, rehearsal.
Working memory is a system dedicated to the maintenance of information in the context of concurrent processing. Within this system, two mechanisms have been described as responsible for the maintenance of verbal information. Some models have proposed a mechanism specialized for the verbal domain (articulatory rehearsal; Baddeley, 1986) , whereas others have introduced a general attention-based mechanism (attentional refreshing; Cowan, 1999 Cowan, , 2005 Johnson, 1992) . Recently, these two mechanisms were shown to be independent in verbal working memory tasks (Camos, Lagner, & Barrouillet, 2009; Hudjetz & Oberauer, 2007) . The aim of the present study was to test the hypothesis that adults could adaptively use either of these two mechanisms, according to the characteristics of the tasks or according to instructions.
Articulatory rehearsal and the phonological similarity effect
In the short-term memory literature, there is a long tradition of assuming that memory for verbal information relies on subvocal rehearsal (Atkinson & Shiffrin, 1968; Sperling, 1967; Waugh & Norman, 1965) . In the classic model of working memory (Baddeley, 1986) , the maintenance of verbal information relies on a similar mechanism, articulatory Rehearsal, that maintains memory traces in the store of the phonological loop. The concept of the phonological loop attracted considerable research during the past 30 years. One piece of evidence for its phonological nature came from the phonological similarity effect (PSE; although see Macken & Jones, 2003) . First, Conrad and Hull (1964) observed, in a short-term memory task, that consonants similar in sound are more difficult to maintain than letters that sound different (see also Conrad, 1964) . Baddeley (1966b) found that lists of phonologically similar words (e.g., mad, man, mat, cap, cad, can, cat) are recalled more poorly than lists of dissimilar words (e.g., cow, day, bar, few, hot, pen, soup, pit). There is meanwhile a large body of literature reporting this PSE with so-called simple span tasks (i.e., the immediate serial recall of lists). In contrast, studies investigating this effect with complex span tasks, which combine list recall with a concurrent-processing task to tap working memory (e.g., reading span, listening span, operation span), are scarce. Recently, a PSE was observed by Lobley, Baddeley, and Gathercole (2005) in a listening span task and by Copeland and Radvansky (2001) in an operation span task. However, Copeland and Radvansky failed to find such an effect in a reading span task. Likewise, Tehan, Hendry, and Kocinski (2001) found no PSE in an operation span task.
There are two families of theoretical explanations for the PSE, one attributing it to effects at encoding and the other attributing it to effects at retrieval. In Baddeley's (1986) model of the phonological loop, the PSE has been explained by assuming trace discrimination problems within the store of the phonological loop that arise during retrieval (Gathercole & Baddeley, 1993; Salamé & Baddeley, 1982) . More recent models attribute the effect of similarity, at least in part, to processes during encoding. For instance, in the serial-order-in-a-box (SOB) model (Farrell & Lewandowsky, 2002) encoding is noveltygated, so that items that are similar to already encoded items are encoded with reduced strength (Farrell & Lewandowsky, 2003) . In feature-overwriting models (Nairne, 1990; Oberauer & Kliegl, 2006) , similar items share more features with each other than do dissimilar items, resulting in more mutual degradation of representations through feature overwriting.
Regardless of which explanation is correct, a PSE can arise only if memory performance relies to a substantial degree on phonological representations. Because the PSE is also found with visually presented verbal materials, some mechanism for generating phonological representations from the orthographic input must be assumed. In Baddeley's (1986) model, the same mechanism, subvocal articulation, is responsible for phonological recoding of visual input and for rehearsal. A second prerequisite for a phonological similarity effect is that phonological representations, once generated during encoding, are actually used for retrieval. Articulatory rehearsal is a likely mechanism for protecting phonological memory traces against forgetting. Therefore, measures to prevent articulatory rehearsal, such as concurrent articulatory suppression, should reduce the PSE, because it forces people to rely on other, nonphonological memory representations. In confirmation of this prediction, the PSE disappears when a verbal-shadowing task is introduced into the retention interval in a delayed recall task (Fournet, Juphard, Monnier, & Roulin, 2003; Tehan & Humphreys, 1998) or as the processing component of a complex span task (Mora, Barrouillet, & Camos, 2009 ). However, contrary to these findings, Fallon, Groves, and Tehan (1999) reported a PSE in a delayed recall task in which the retention interval was filled with a digit-reading task, and Fournet et al. still found a phonological similarity effect with their shorter retention delay. To conclude, studies on the PSE in working memory are sparse and do not lead to a consistent picture. This discrepancy in the findings might arise because people avail themselves of a variety of maintenance mechanisms and memory representations on which they can rely to maintain verbal information in working memory.
An attention-based mechanism of maintenance Indeed, besides articulatory rehearsal, maintenance of verbal material can also benefit from another mechanism, referred to as attentional refreshing (Barrouillet, Bernardin, & Camos, 2004; Barrouillet, Bernardin, Portrat, Vergauwe, & Camos, 2007; Barrouillet & Camos, 2001; Cowan, 1999 Cowan, , 2005 Johnson, 1992; Johnson et al., 2005; Raye, Johnson, Mitchell, Greene, & Johnson, 2007; Raye, Johnson, Mitchell, Reeder, & Greene, 2002) . The common idea of the different theories cited above is that attention serves to maintain memory traces in an active state, because directing attention briefly to a target strengthens the target's representation in working memory. According to Cowan, when the trace of an item is activated in memory, its activation is maintained as long as the item is within the focus of attention. As soon as the focus of attention is switched away, the trace begins to fade away until it is completely lost. Before complete loss, the trace could be reactivated by focusing attention on it again. Similarly, in Johnson's model, refreshing is conceived of as thinking briefly of an item, thereby increasing its level of activation. The time-based resource-sharing (TBRS) model proposed by Barrouillet et al. (2004; endorsed this conception by assuming that refreshing through attentional focusing could reactivate the decaying memory traces. Furthermore, the TBRS model assumes that attention can be devoted to only one process at a time and that, because both maintenance and concurrent processing require attentional resources, attention is switched from one to another in complex span tasks. As a consequence, recall in these tasks depends on the attentional demand introduced by the concurrent-processing task.
Conceptually, refreshing differs from rehearsal in three regards. First, refreshing requires a central attentional mechanism such that, when the cognitive system engages in refreshing, it cannot at the same time engage in another process that requires that attentional mechanism. Articulatory rehearsal, in contrast, demands no attention after a brief initial setup period (Naveh-Benjamin & Jonides, 1984) . Second, articulatory rehearsal consists of sub vocal speech production and, thus, cannot proceed concurrently with overt speech (i.e., articulatory suppression, or reading unrelated material aloud), whereas attentional refreshing can proceed concurrently with unrelated overt speech (Hudjetz & Oberauer, 2007) . Third, rehearsal can maintain only phonological representations, whereas refreshing can maintain any representations.
Empirically, the distinction between articulatory rehearsal and attentional refreshing gained direct support through neurophysiological and behavioral evidence. Brain-imaging studies showed that the two mechanisms are implemented in distinct brain areas. Whereas the ventrolateral prefrontal cortex (Brodmann's area [BA] 44 reflects a subvocal articulatory rehearsal of phonological information, the dorsolateral prefrontal cortex (BA 9) is assumed to reflect the involvement of attention in the maintenance of various activated information (Johnson et al., 2005; Romero, Walsh, & Papagno, 2006) . Recent behavioral evidence reinforced this distinction Hudjetz & Oberauer, 2007) . Hudjetz and Oberauer, using a reading span task, and Camos et al., using computer-paced complex span tasks. manipulated separately the opportunity for rehearsal and for refreshing. These experiments never yielded any significant interaction between the varied factors, supporting the idea that articulatory rehearsal and attentional refreshing could be independently involved in the maintenance of verbal information. To account for this distinction between the two maintenance mechanisms, Camos et al. proposed that refreshing is a central and general-purpose mechanism, because it relies on attention and can be applied to any representational code, whereas rehearsal is peripheral, because it involves a subvocal articulatory process operating on a domain-specific code (i.e., phonological) and superficial levels of encoding. This extended version of the TBRS model could account for the fact that recall is impaired by variation of the attentional demand of any concurrentprocessing task, even a nonverbal one (Barrouillet et al., 2004; Camos et al., 2009) , and that, at the same time, for findings of selective interference of verbal-processing tasks with verbal memory (reviewed in Baddeley, 1986; Vergauwe, Barrouillet, & Camos, 2010) . This theory implies that the maintenance process applicable to verbal information depends on the codes used to represent the information: All representations can be refreshed, whereas only phonological representations can be rehearsed through rearticulation.
Strategy effects on encoding and maintenance
Several studies have demonstrated the impact of encoding strategies on the PSE in immediate serial recall of visually presented items. For instance, Campoy and Baddeley (2008) found that phonologically dissimilar words were recalled better than similar words when participants were instructed to encode words phonologically. The induction of a semantic encoding strategy eliminated the PSE.
Similarly, Hanley and Bakopoulou (2003) observed a PSE only for an experimental group instructed in using a phonological strategy. Moreover, the group instructed to use the semantic strategy outperformed the participants using the phonological strategy. These authors concluded that, when instructed to do so, adults could adopt alternative strategies that abolish the PSE. Salamé and Baddeley (1986) suggested that when lists contain large numbers of phonologically similar items, a phonological strategy is likely to be difficult and will be abandoned in favor of a visual or semantic strategy, explaining the disappearance of the PSE at long list lengths. In line with this suggestion, Baddeley (1966a) found that with long sequences, serial recall is affected by semantic, rather than phonological, similarity between items. To summarize, in immediate serial recall tasks, the encoding strategy, phonological versus semantic, varies according to either the difficulty of the task (short vs. long lists) or the instructions.
Therefore, we suggest that in complex span tasks, which are typically more difficult than simple span tasks of similar list length, participants will tend to avoid relying on phonological codes as much as possible, especially if the material to be maintained is phonologically similar. The chosen representational format (phonological or non phonological) has consequences for the available maintenance mechanism: Nonphonological codes can be maintained only through attentional refreshing, whereas phonological codes can also be maintained through rehearsal. Therefore, the choice of representational format in a complex span task is likely to also depend on the opportunity for attentional refreshing and for articulatory rehearsal. When attention is available for refreshing, nonphonological representations, together with attentional refreshing, should be favored, instead of phonological representations together with articulatory rehearsal. As a consequence, little or no PSE should be observed in a complex span task when the attentional demand of the processing component is modest. When the attentional demand is high, in contrast, the opportunity for refreshing is reduced, and this renders reliance on the alternative maintenance mechanism, rehearsal, more attractive, especially since articulatory rehearsal is known to be a low-demanding process; only the retrieval of the phonological traces in long-term memory requires some attention (Baddeley, 2007; Murray, 1968; Naveh-Benjamin & Jonides, 1984) . Because rehearsal requires-and generates-a phonological representation, a PSE would be the consequence of that strategy choice. Therefore, we predict that the PSE in a complex span task is larger when the attentional demand of the processing component is higher. In addition, we assume that instructions can modulate people's choice of a representation format and an associated maintenance strategy. When people are instructed to rely on articulatory rehearsal, as in Experiment 2, they will abandon their preference for a nonphonological representation and, instead, will rely on phonological codes that can be rehearsed. Therefore, we predicted that with instructions to use phonological rehearsal, a PSE would emerge, regardless of the attentional demand of the processing component of a complex span task. On the contrary, when people were instructed to rely on attentional refreshing, as in Experiment 3, they would rely on nonphonological representations that they could refresh. The PSE should then disappear, despite the attentional demand of the concurrent processing.
Experiment 1
To test that the adaptive choice between articulatory rehearsal and attentional refreshing depends on the attentional demand of the concurrent task, we used a complex span paradigm in which the processing component was either a choice reaction time (CRT) task or an attentionally less demanding simple reaction time (SRT) task and the material to be maintained consisted of lists of phonologically similar or dissimilar words. Participants did not receive any instruction on the maintenance mechanism to use, but the variation of the concurrent attentional demand should vary the opportunity for refreshing. We predicted that with a low concurrent attentional demand (i.e., with the SRT task), people would have the opportunity to engage in refreshing and would prefer relying on refreshing of nonphonological representations in order to circumvent the difficulty arising from the confusability of phonologically similar items. In contrast, with high concurrent attentional demand (i.e., with the CRT task), the opportunity for refreshing of nonphonological representations would be much reduced. As a consequence, people would have to rely on articulatory rehearsal, which boosts only the phonological representation of memory items. As a consequence, the PSE should be larger with the CRT than with the SRT task.
We manipulated the phonological characteristics of the list items in two ways. First, phonological similarity was operationalized as phonological neighborhood between list items. Phonological neighbors are words that differ in only one phoneme. We created similar lists by maximizing the average number of neighbors that each list item had among the other items on the same list. Second, we manipulated phoneme overlap-that is, the number of phonemes of each list word that occurred again in any other list word. Whereas high pairwise similarity (defined through neighborhood) implies high phoneme overlap, the opposite is not the case, because high phoneme overlap can be created by repeating phonemes of one word in a distributed fashion in other list words and in different within-word positions. We were interested in these two kinds of phonological characteristics because they could speak to the mechanism of interference between phonological representations. If interference acts through confusion of whole words at retrieval, phonological neighborhood should be the relevant factor. If interference acts through feature overwriting during encoding (Nairne, 1990; Oberauer & Kliegl, 2006) , high phoneme overlap should create interference even for lowconfusable items. Evidence for feature overwriting has been obtained primarily with paradigms investigating interference between memory items and distractors (Lange & Oberauer, 2005; Oberauer, 2009; Oberauer & Lange, 2008) ; here, we explored for the first time the effect of manipulating phoneme overlap between all items of a memory list. Thus, three types of lists of words were created: lists with many phonological neighbors (high similarity, HS), lists with words that were not neighbors but shared many phonemes (high overlap, HO), and lists with words that were not neighbors and shared few phonemes (low overlap, LO).
Method

Participants
Twenty undergraduate students at the University of Bristol (17 women, 3 men) received partial course credit or money for participating. They were all English native speakers, between 18 and 24 years of age (M = 20.1, SD = 1.52).
Materials
Lists of six words were constructed from a pool of 1,124 monosyllabic singular English nouns (CELEX), excluding words with strong emotional meaning. Twenty-four lists were constructed for each type of lists (HS, HO, and LO). As in Oberauer (2009) and Oberauer and Lange (2008) , the same words were used to build the three different types of lists but were arranged in the lists in different ways (Table 1) . Therefore, across all lists, there were no differences due to word characteristics such as length, concreteness, or imageability. Every word in the HS lists had an average 2.11 of phonological neighbors (range: 2-2.67), and these lists had an average of 8.94 phoneme overlaps (range: 5.33-13.67). In contrast, words in the HO and LO lists had, on average, less than one phonological neighbor in the list (range: 0-1). Lists in the HO condition had an average of 4.96 phoneme overlaps (range: 2.33-7.33), whereas lists in the LO condition had an average of 1.80 phoneme overlaps (range: 0-6.33). One half of the participants were presented with 12 lists from each condition, and the other half with the remaining 12 lists. For each participant in each condition, 6 lists were presented with a CRT task and 6 lists with an SRT task. The order of presentation of CRT and SRT tasks were randomized, with the constraint that the same reaction time (RT) task could not be performed more than twice in a row. The order of presentation of the different lists was also randomized within the CRT and SRT conditions. Finally, within a list, the words were displayed in a random order. Due to the repeated use of the same set of words for the three conditions, a word could be seen more than once throughout the experiment (on average, 1.94 times per participant).
Procedure
Participants were seated about 60 cm from a computer screen and were presented with the tasks using PsyScope software (Cohen, MacWhinney, Flatt, & Proost, 1993) . Each series began with an asterisk centered in the screen for 500 ms, followed by the first word of a list, presented in red for 1,500 ms. After a postword delay of 333 ms, six stimuli appeared one by one for 666 ms each, followed by a 334-ms delay, for a total duration of 1,000 ms per stimulus. Such series of six stimuli appeared after each word. These stimuli consisted of 20 × 20 mm black squares either centered on the screen in the SRT task or centered on one of two possible locations in the upper or the lower part of the screen (15 mm apart from the center of the screen) in the CRT task. In each series of CRT trials, the squares appeared in the two locations with the same frequency. After 6 squares, the following word was displayed for 1,500 ms, and so on. The interword interval was 6,333 ms 333 þ 6 Â 1; 000 ð Þ . At the end of a series, participants were instructed to recall words in the same order as that in which they had been presented. Thus, "1" appeared on the screen, and participants had to typewrite the first word to be remembered, using a keyboard. When they finished typewriting the first word, they had to press "Enter" to go to the second word, "2" appeared, and so on. If participants were not able to remember a word, they pressed "Enter" to go to the next one. They were informed that they could not go back to previous words after having pressed "Enter." After having typed the last word, participants pressed the space bar to start the next series. At the beginning of each series, participants were informed about the task to perform (e.g., "one finger" for the SRT task, "two fingers" for the CRT task). Participants were instructed to memorize each word and to press a key each time the square appeared in the SRT task or to judge the location of each square as accurately as possible by pressing either a left-or righthand key for the upper and the lower locations, respectively, in the CRT task. The RTs and accuracy were recorded.
A training phase familiarized participants with the RT tasks (one series with the SRT task, two series with the CRT task: one just watching the square locations and one pressing keys to respond) and then with the working memory span tasks (three series with each task, alternating SRT and CRT tasks). Words presented during training were not used in the test phase. The experiment lasted about 1 hr.
Results and discussion
Three participants were discarded from the analysis because they had fewer than 70% correct responses in the CRT task. The percentage of correct responses was higher in the SRT (98%) than in the CRT task (85%), t(16) = 8.58, p < .001. Because of a ceiling effect for the SRT task, we did not analyze its accuracy. However, a one-way analysis of variance (ANOVA) was performed on the percentage of correct responses for the CRT task. Percentages were not significantly different for the three types of lists (HS = 84%; HO = 86%; LO = 85%), F(2, 32) = 1.15, p = .33, η 2 = .07. A 2 (task) × 3 (list type) ANOVA was performed on RTs for the correct responses. The effect of list type was not significant (F < 1), but the effect of task was. As was expected, RTs were longer for the CRT task than for the SRT task (429 vs. 309 ms), F(1, 16) = 29.89, p < .001, η 2 = .99, and the interaction between task and list was not significant, F < 1.
A 2 (task) × 3 (list) ANOVA was performed on the rate of words recalled in the correct position. As we predicted, fewer words were recalled in the correct position for the CRT task than for the SRT task (68% and 82%, respectively), F(1, 16) = 28.28, p < .001, η 2 = .70, (Fig. 1) . The effect of list type was significant, F(2, 32) = 4.00, p = .03, η 2 = .17. Recall was poorer for the HS lists (70%) than for the two other types of lists (HO, 77%; LO, 77%), which did not differ, F(1, 16) = 19.39, p < .001, and p = 1, respectively, η 2 = .17, and p = 1. Finally, the interaction between task and list was significant, F(2, 32) = 3.42, p < .05, η 2 = .13. The effect of list was significant on the trials with the CRT task, F(2, 32) = 6.18, p < .01, η 2 = .29, but not on those with SRT task, F < 1. More specifically, on trials with the CRT task, the list type effect arose from the significant difference between the HS lists and the two other types of lists, F(1, 16) = 15.12, p < .01, η 2 = .29, the difference between HO and LO lists being nonsignificant, F < 1.
The lack of a PSE was not due to a trade-off between item and order information, since it was observed for rhyming words (e.g., Fallon et al., 1999) . The pattern of findings was similar for both item score (i.e., recall regardless position) and order accuracy (i.e., dividing the correct-in-position score by the item score) as for recall in the correct position. Item scores were poorer for the HS lists (79%) than for the two other types of lists (HO = 83% and LO = 83%), F(1, 16) = 13.49, p < .01, η 2 = .13. Likewise, order accuracy was poorer for the HS lists (88%) than for the two other types of lists (HO = 93% and LO = 92%), F(1, 16) = 6.83, p < .05, η 2 = .25. No difference was apparent between the HO and LO lists on either method of scoring, Fs < 1.
Moreover, the effect of list was significant for the trials in the CRT task for the item score (HS = 71%, HO = 78%, and LO, 81%), F(2, 32) = 4.78, p < 0.5, η 2 = .25, and for the order score (HS = 82%, HO = 91%, LO = 90%), F(2, 32) = 4..09, p < .05, η 2 = .48, but not in those in the SRT task, Fs < 1, for item scores (HS = 86%, HO = 88%, and LO = 86%) and order accuracy (HS = 94%, HO = 94%, LO = 93%), respectively. More specifically, for the trials in the CRT task, the list-ype effect arose from the Note: "Neighbors" is the average number of phonological neighbors in a list. "Overlap" is the average number of phoneme overlaps each word has with other words on the list significant difference between HS lists and the two other types of lists, F(1, 16) = 12.84, p < .01, η 2 = .23, for item scores, and F(1, 16) = 5.84, p < .05, η 2 = .48, for order memory. The difference between HO and LO lists was nonsignificant, Fs < 1, for both item and order scores.
Thus, as we predicted, the phonological characteristics of the materials to be maintained affected recall, but only when attention was required to perform a concurrent task. In contrast, when attention was available for maintenance, the level of recall remained similar regardless of the phonological similarity of the words in the lists. Such a disappearance of the PSE when the concurrent task is attention demanding was already observed by Tehan et al. (2001, Experiment 2) .These findings are in agreement with our hypothesis that adults can adaptively use rehearsal or refreshing to maintain verbal information in the short term. When the materials to be maintained can lead to phonological confusion, as it could here, refreshing is favored, because it can be applied to nonphonological representations. However, if attention is not available for refreshing, participants could back up to rehearsal, a less attentiondemanding mechanism.
In sum, our first experiment provided evidence supporting the assumption that people adaptively shift their preferences between rehearsal and refreshing in response to the demands of the task. In the remaining two experiments, we directly tested the assumption that people's preference for one of the two maintenance mechanisms is under their intentional control, rather than being caused directly by task properties. In Experiment 2, we instructed participants to use articulatory rehearsal, and in Experiment 3, we instructed them to use refreshing. We predicted that a phonological similarity effect should be found in Experiment 2, regardless of task demands, and that it should be absent in Experiment 3, regardless of task demands.
Experiment 2
In the second experiment, we explicitly asked participants to use articulatory rehearsal for maintaining the lists of words-that is, to subvocally repeat the words. If the task × list interaction observed in Experiment 1 relied on an adaptive choice between refreshing and articulatory rehearsal, this interaction should disappear with this instruction, and recall should be reduced for lists in which words are phonologically similar even when sufficient attention is available.
Method
Participants
Twenty-three undergraduate students at the University of Bristol (18 women, 5 men) received partial course credit or money for participating. They were all English native speakers, between 18 and 29 years of age (M = 19.91, SD = 2.41). None of them had participated in Experiment 1.
Materials and procedure
The materials and procedure were the same as those in Experiment 1, except that participants were instructed to use subvocal rehearsal to maintain the words by constantly repeating these words silently in their heads.
Results and discussion
Three participants were discarded from the analysis because they had fewer than 70% correct responses in the CRT task. The pattern of results for the percentages of correct responses and for the RTs for the RT tasks was similar to that in Experiment 1. The percentage of correct responses was higher in the SRT task (97%) than in the CRT task (82%), t(19) = 10.94, p < .001. The one-way ANOVA performed on percentage of correct responses for the CRT task revealed that the three types of lists did not differ (HS = 83%, HO = 83%, and LO = 80%), F(2, 38) = 2.16, p = .13, η 2 = .10. Similarly, for the RTs, the effect of list was not significant, F < 1, but the effect of task was significant. The RTs were longer in the CRT task than in the SRT task (438 vs. 330 ms), F(1, 19) = 31.79, p < .001, η 2 = .99. The interaction between task and list was not significant, p = .27.
As in Experiment 1,, a 2 (task) × 3 (list type) ANOVA was performed on the rate of words recalled in the correct position. Recall performance was poorer for trials in the CRT task than for trials in the SRT task (64% and 75%, respectively), F(1, 19) = 27.36, p < .001, η 2 = .37, (Fig. 1 ). As in Experiment 1, the overall effect of list type was significant, F(2, 38) = 31.99, p < .001, η 2 = .62. Recall performance was poorer for the HS lists (60%) than for the two other types of lists (74%), F(1, 19) = 40.66, p < .001, η 2 = .57, and poorer for the HO lists (72%) than for the LO lists (76%), F(1, 19) = 8.80, p < .01, η 2 = .05. As was predicted from the assumption of adaptive choice of the maintenance process, the list type effect did not significantly differ between the two tasks, F < 1.
As in Experiment 1, the PSE was the same in the item and order scores as in the correct-in-position score. Item scores were poorer for HS lists (73%) than for the other two types of lists, (HO : 80% and LO : 83%), F(1, 19) = 16.81, p < .001, η 2 = .42, p < . The difference between the HO and LO lists was also significant, F(1, 19) = 6.05, p < .05, η 2 = .06. Likewise, order scores were poorer for the HS lists (81%) than for two other types of lists (HO = 90% and LO = 92%), F(1, 19) = 22.59, p < .001, η 2 = .78, and order recall was slightly better for the LO lisits than for the HO lists, F(1, 19) = 4.61, p < .05, η 2 = .03. The interaction between task and type of lists was not significant in either the item or the order scores, Fs < 1.
Contrary to Experiment 1, the phonological characteristics of the lists did not interact with the attentional demands of the concurrent task. For both the SRT and CRT tasks, the recall was poorer for lists of phonologically similar words than for lists of dissimilar words. By instructing adults to use rehearsal, the interaction between tasks and lists disappeared. This finding was in line with the hypothesis that maintenance of verbal information relies on two maintenance mechanisms and adults could choose adaptively between the two, depending on the characteristics of the task or according to instructions.
Experiment 3
In Experiment 3, we instructed participants to use refreshing for maintenance. Assuming that, as in Experiment 2, people would be compliant with instructions regardless of task demand, we predicted that the phonological similarity effect would disappear for both the CRT and the SRT conditions.
Method
Participants
Twenty-four undergraduate students at the University of Bristol (14 women, 10 men) received money for participating. They were all English native speakers, between 18 and 24 years of age (M = 20.46, SD = 1.89). None of them had participated in the previous experiments.
Materials and procedure
The materials and procedure were the same those as for Experiment 2, except that participants were instructed to use attentional refreshing to maintain the words. We used the same type of instructions as Raye et al. (2007) , asking participants to "think of" the words. In the debriefing phase, we questioned participants in order to verify that they had followed instructions. Five participants reporting that they actually had subvocally rehearsed the words were not included in the sample.
Results and discussion
Four participants were discarded from the analysis because they had fewer than 70% correct responses in the CRT task. The pattern of results on the percentages of correct responses and on the RTs for the RT tasks was similar to that in Experiment 1. The percentage of correct responses was higher in the SRT task (95%) than in the CRT tasks (83%), t(19) = 9.35, p < .001. The one-way ANOVA performed on percentage of correct responses for theCRT task revealed that the three types of lists did not differ (HS = 82%, HO = 84%, and LO = 84%), F(2, 38) = 1.14, p = .33, η 2 = .06. Similarly, for the RTs, the effect of list was not significant, p = .17, but the effect of task was significant. The RTs were longer in the CRT task than in the SRT task (496 vs. 265 ms), F(1, 19) = 73.23, p < .0001, η 2 = .99. The interaction between task and list was not significant, p = .29.
As in the two previous experiments, a 2 (task) × 3 (list type) ANOVA was performed on the proportion of words recalled in the correct position. The recall performance was poorer for trials with the CRT task than for trials with the SRT task (72% and 85%, respectively), F(1, 19) = 25.54, p < .001, η 2 = .87 (Fig. 1) . Contrary to what we observed in Experiment 2, the effect of list type was not significant, and neither the difference between the HS list (76%) and the two other types of lists nor that between the HO list (80%) and the LO lists (79%) was significant, ps > .14. The interaction between task and type of lists was also not significant, p = .23. The lack of a PSE was replicated in the item scores (HS = 85%, HO = 87%, and LO -87%) and in the order scores (HS = 88%, HO = 91%, and LO = 90%), all ps > .12. Finally, the task × type of lists interaction was also nonsignificant for both the item and order scores, ps > .32.
To conclude, when instructed to use refreshing, most participants abandoned articulatory rehearsal and made their best effort to maintain memory traces through refreshing, even in the CRT condition, where this was difficult. As a consequence, the PSE was much diminished and no longer significant, regardless of the attentional demands of the processing task.
Analysis across experiments
To strengthen our conclusion that the phonological similarity effect in a complex span task can be modulated through the instructed maintenance mechanism, we conducted a statistical comparison of Experiments 2 and 3. A 2 (task) × 3 (list type) × 2 (instruction) ANOVA on the proportion of words recalled in the correct position showed a significant interaction between list type and instruction, F(2, 76) = 7.89, p < .001, η 2 = .08. This interaction reflects the observation that list type (i.e., phonological similarity) had a substantial effect when people were instructed to use articulatory rehearsal (Experiment 2), which was reduced to non significance when they were instructed to use refreshing (Experiment 3). This interaction was also significant for the item and order scores, F(2, 76) = 5.83, p < .05, η 2 = .07, and F(2, 76) = 4.68, p < .05, h 2 p ¼ :12η 2 , respectively. The comparison of recall performance between Experiment 1 and the other two experiments brought some further evidence on the switching of strategies that we suggested in Experiment 1. We concluded from the pattern of results observed in Experiment 1 that participants used refreshing in the SRT condition and that they backed up to subvocal rehearsal in the CRT condition, due to a reduction of attentional resources. As a consequence, for the SRT condition, the list type effect should interact with the instructions when Experiments 1 and 2 are compared, because, in the latter experiment, participants used rehearsal. An ANOVA restricted to the SRT condition with instruction (none vs rehearsal) as a between-subjects factor and type of list as a within-subjects factor was performed on the correctin-position recall, item, and order scores. The instruction × list interaction was significant for the three scores, F(2, 70) = 6.86, p < .01, η 2 = .33, for correct in position, F(2, 70) = 5.97, p < .01, η 2 = .36, for item memory, and F(2, 70) = 4.22, p < .05, η 2 = .35, for order memory, respectively. Following the same rationale, in the CRT condition, type of list should interact with instructions when Experiment 1 (no instruction) and Experiment 3 (refreshing) are compared, because we assume that, without instructions, participants opted primarily for rehearsal in the CRT condition. A similar ANOVA was performed on the three scores, showing a significant instruction × list interaction, F(2, 70) = 3.36, p < .05, η 2 = .32, for the correct-in-position score, and F(2, 70) = 3.35, p < .05, η 2 = .23, for the item score. This interaction was not significant for the order score, p = .23
General discussion
Previous work has shown that at least two mechanisms contribute to the maintenance of verbal information in the short term: articulatory rehearsal, as described in Baddeley's (1986) model of working memory, and refreshing, as proposed by Johnson (1992) and by Barrouillet and Camos's TBRS model (Barrouillet et al., 2004) . Our aim in the present study was to evaluate whether the use of these maintenance mechanisms is adaptive, so that it varies according to the relative effectiveness of each mechanism, and whether the choice of maintenance mechanism is under people's intentional control. Because articulatory rehearsal regenerates phonological information, its effectiveness depends on the phonological characteristics of list items. In contrast, refreshing, being a reactivation through attentional focusing, depends on the amount of attention available. We assume that people prefer a maintenance mechanism to the degree that it is effective and, hence, that they should prefer refreshing when attention is available for a relatively large proportion of time, especially in a setting in which many lists are phonologically similar, thus rendering articulatory rehearsal a relatively ineffective form of maintenance. In contrast, they should prefer articulatory rehearsal when attention is occupied otherwise for most of the time. In addition, we assume a link between the maintenance mechanism used and the kind of representation on which recall relies. Articulatory rehearsal will maintain a phonological representation of the memory list and, hence, lead to a PSE. However, if people engage primarily in refreshing and cease articulatory rehearsal, they are more likely to direct their attention to nonphonological (e.g., semantic, visual) features of the words, and hence, recall will rely primarily on nonphonological representations, so that no phonological similarity effect is to be expected.
In Experiment 1, we manipulated orthogonally the level of phonological similarity of lists of words to be maintained and the attentional demands of the concurrent-processing task in a complex span paradigm. As we expected, the PSE appeared only when the processing component was attention demanding, so that less attention was available for refreshing of the memory traces. Conversely, when the processing requirement was a simple RT task with low attentional demands, the recall of lists of phonologically similar words did not differ from that for lists of dissimilar words. Thus, when enough attention is available and at least some lists are phonologically similar, young adults favor refreshing over rehearsal to maintain words in the complex span paradigm. However, when the amount of attention is reduced, they back up to a less attentiondemanding mechanism, articulatory rehearsal. In Experiment 2, we explicitly instructed participants to use articulatory rehearsal. In this case, whatever the amount of attention available, recall was always poorer for lists of phonological similar words, and in addition, an effect of phonological overlap, even in the absence of high similarity, emerged. A different pattern emerged when, in Experiment 3, participants were instructed to use refreshing. Whatever the attentional demands of the concurrent task, the phonological characteristics of the lists to be maintained did not affect recall performance. The comparison of Experiments 2 and 3 showed that the PSE depends on the type of maintenance mechanism and the format in which the memory traces are maintained.
The present results converge with those in the work of Anderson (1993) and Siegler (1996) on the choice of strategies. Besides the differences between their views, the commonality of these authors is to conditionalize the choice of strategy on a cost-benefit analysis. In Anderson's ACT-R model, attention is the resource needed to activate knowledge stored in long-term memory and to implement a process. Thus, to reduce the cognitive cost, a lowdemanding strategy should be favored. When it comes to maintenance of verbal information, rehearsal requires a minimal amount of attention, because only the first steps of retrieval of the phonological information for the items need attention (Baddeley, 2007; Naveh-Benjamin & Jonides, 1984) . In contrast, refreshing is highly demanding, because attention needs to be focused on the memory traces throughout the maintenance episodes. Rehearsal and refreshing thus diverge in attentional demands, but they also differ in their efficiency in maintaining materials that could suffer from phonological confusion. Rehearsal allows the maintenance of verbal material only through the reactivation of the phonological characteristics of this material. When lists of words are highly confusable phonologically, refreshing will be more beneficial than rehearsal, because it supports also the maintenance of nonphonological (e.g., semantic) representations of words, which are less confusable. Therefore, with the kind of lists we used, adaptive strategy choice based on a cost-benefit analysis predicts our findings; that is, refreshing should be favored when attention is available, but when attention is restricted, participants should back up to rehearsal.
So far, we have discussed our results in terms of choosing one or the other maintenance mechanism. Could people not use both at the same time? The additive effects of experimental manipulations intended to impair refreshing and to impair rehearsal in previous studies Hudjetz & Oberauer, 2007) suggest that they can. The present results leave open the possibility that people can engage in refreshing and rehearsal at the same time, but our data strongly imply that, in the present experiments, participants did not. There is a remarkable consistency across our three experiments. In every condition in which, according to our assumptions, people engaged in refreshing (i.e., the SRT condition in Experiment 1 and both conditions in Experiment 3), accuracy was approximately 80% in the SRT condition and 70% in the CRT condition. In every instance in which we assumed that people chose to use articulatory rehearsal (i.e., in the CRT condition of Experiment 1 and in all the conditions of Experiment 2), accuracy dropped below these levels specifically for highsimilarity lists. The comparatively good performance in Experiment 3 shows that refreshing was possible to some degree even in the CRT condition. If people had used refreshing to the best of their potential in all the conditions of all the experiments, alone or concurrently with articulatory rehearsal, their performance would never have dropped below the level reached in Experiment 3. The fact that it did-for the HS lists-leads us to conclude that people forfeited refreshing when they opted for rehearsal. Conversely, the fact that the phonological similarity effect disappeared whenever people chose to use refreshing compels the conclusion that in these cases, people abandoned rehearsal, or if they did rehearse, they at least made no use of the rehearsed phonological representations at recall.
A second new finding pertains to the effect of phonological overlap of list items in complex span task. Previous work (Lange & Oberauer, 2005; Oberauer, 2009; Oberauer & Lange, 2008) has demonstrated a detrimental effect of high phonological overlap between memory items and distractors on recall. Here, we investigated for the first time whether a high degree of phonological overlap between all the items on a memory list also would impair memory. The results were mixed: In Experiment 1, overlap had no effect, whereas in Experiment 2, it had an effect, although smaller than the effect of similarity. The two findings are not incompatible, because the instruction in Experiment 2 encouraged the use of phonological representations in all the conditions, whereas in Experiment 1, participants probably used phonological representations only in one condition, so that the power for detecting the relatively small effect of phonological overlap was larger in the second experiment.
A comparison of the present results with those in Oberauer (2009) is instructive. Oberauer (2009) manipulated phonological overlap and phonological similarity between memory words and distractor words to be read aloud in a complex span task, creating three conditions analogous to those in our experiments (i.e., HS, HO, and LO). Whereas high phonological overlap with little similarity (HO) impaired memory, high phonological similarity (HS) did not. In the present experiments, high similarity had a larger detrimental effect than did high overlap with little similarity. The difference between the studies can be explained as follows: Items on the memory list are all treated as candidates for recall; therefore, when list items are similar to other list items, people can easily confuse the list item to be recalled at a given serial position with another list item. Distractors in a complex span task, in contrast, are not necessarily treated as candidates for recall. People know that distractors should not be remembered, so they can exclude them from the candidate set by (1) avoiding encoding them into working memory (Awh & Vogel, 2008) , (2) removing them from working memory soon after encoding (Oberauer, 2001) , or (3) marking them as not to be recalled by association to a separate context (Delaney & Sahakyan, 2007) . To the degree that one of these three processes successfully excludes distractors from the candidate set, people are unlikely to mistakenly recall a distractor instead of an item, even when the distractor is highly similar to the list item. This explains why phonological similarity between memory items impairs memory, whereas phonological similarity between memory items and distractors does not. At the same time, phonological overlap seems to impair memory regardless of whether overlap occurs between memory items or between a memory item and a set of distractors. This is to be expected from the assumed mechanism generating the effect, feature overwriting. Any representation encoded into working memory, either as a memory item to be recalled later or as a distractor to be processed and then discarded, has the potential to overwrite shared features of memory items. At the same time, overwriting of phonological features matters only insofar as memory depends on phonological representations. Therefore, under conditions in which people choose refreshing over rehearsal, so that nonphonological representations become more important for recall, the effect of phonological overlap is reduced for the same reasons that the effect of phonological similarity is reduced.
To conclude, the present study presents evidence that adults can choose between articulatory rehearsal and attention refreshing to maintain verbal information in working memory. This choice depends on instructions, but also on the attentional demands of concurrent processing. As is suggested by the extended TBRS model, relying on the peripheral level-that is, maintaining phonological codes through articulatory rehearsal-enhances the impact of the phonological characteristics of the material to be maintained. Conversely, the maintenance of nonspecific representations through refreshing diminishes the PSE. Differences between experiments in task characteristics that encourage the use of one or the other maintenance mechanisms, as well as differences between participant samples with different strategic preferences, could explain why previous studies yielded divergent findings on the PSE in complex span tasks.
